Hemangiomas of infancy (HOIs) are among the most common benign tumors of childhood and classically appear as a vascular stain or small vascular papule at birth. They are unique tumors due to their propensity to proliferate, involute, and finally regress. These lesions can be associated with visceral malformations that have been shown to affect mainly the liver and the gastrointestinal tract, but rarely the spinal cord. The authors report a rare case of a spinal HOI in a 2-month-old infant presenting with quadriplegia due to intratumoral hemorrhage. Following resection of the lesion, the child regained function. This first reported case of spinal HOI suggests another location for hemangiomatosis. Spinal HOI should be included in the differential diagnosis of acute intraspinal hemorrhage in infants.
H emangiomas of infancy are among the most common benign tumors found in children. They classically appear as a cutaneous erythematous plaque or nodule. Their behavior is unique in that they usually undergo an initial phase of proliferation, followed by slow involution and often complete regression. The lesions are classified as segmental or localized. Segmental HOIs are associated with a higher risk of life-or function-threatening disease, whereas the more benign localized HOIs can present with visceral hemangiomas.
We report a case of a 2-month-old infant presenting with quadriplegia and anesthesia below the chin due to an HOI causing an intramedullary spinal hematoma at T-6 associated with severe spinal cord edema. On closer physical examination, the infant was found to have a very small localized superficial cutaneous frontal hemangioma. After decompression and resection of the lesion the patient recovered function in the upper extremities and had nearly complete recovery in the legs. This rare and previously unreported isolated spinal cord HOI finding suggests another location for hemangiomatosis and suggests that HOI should be included in the differential diagnosis of acute intraspinal hemorrhage in infants.
Case Report
History, Presentation, and Examination. This 2-month-old Hispanic male infant was brought to the emergency department with weakness in all 4 extremities that had progressed over 3 days. The baby was born full-term via normal vaginal delivery with no complications. The mother had tested positive for Group B Streptococcus and had gestational diabetes mellitus. On physical examination, the baby had no cry, only blinked its eyes in response to painful stimuli of the face, and was completely anesthetic and quadriplegic below the chin. The emergency department physicians and neurologists ruled out infection and myasthenia gravis; the differential diagnoses included Guillian-Barré and transverse myelitis.
Abbreviations used in this paper: HOI = hemangioma of infancy; VP = ventriculoperitoneal.
This article contains some figures that are displayed in color on line but in black and white in the print edition.
An MR imaging study revealed a hemorrhagic intradural mass lesion extending from T-6 to T-12 with severe cord edema extending up to the brainstem and down to the sacrum (Fig. 1) . The patient's laboratory studies showed hyponatremia of 125 mEq/L, possibly due to syndrome of inappropriate antidiuretic hormone from brain swelling.
First Operation and Postoperative Course. Treatment with dexamethasone was initiated, and once the patient's sodium level was corrected (over several hours) emergency surgery was undertaken for decompression and diagnosis.
The patient underwent a T6-L1 laminectomy, and as the dura was opened, a large greenish cystic sac was encountered in the inferior part of the dural opening adjacent to an acute hemorrhage. The sac was further dissected and was found to have evidence of old hemorrhage. Superior to the gelatinous sac, the cord was swollen with evidence of acute bleeding. Laterally the cord appeared normal, but the medial area appeared consistent with a mass lesion with intratumoral hemorrhage. The nerve roots and cord were severely adhered to the lesion, and a subtotal resection was performed. Decompression of the cyst and the hemorrhage was performed and the dura was grafted. Postoperatively, the infant regained function in 3 of 4 extremities, with residual weakness noted in 1 leg. The initial diagnosis based on examination of a frozen section was glioma and hemorrhage, but the final diagnosis was HOI.
On closer and meticulous physical examination of skin, a left frontal localized erythematous lesion < 1 mm in size was found, consistent with a hemangioma (Fig. 2) . The lesion was also diagnosed as an HOI.
Postoperative MR imaging showed resolution of the cord edema but a small residual enhancing focal lesion, without mass effect, at T-6 (Fig. 3) . In view of the diagnosis of benign HOI, the patient was treated with dexamethasone. He showed continued neurological improvement, was eventually weaned off dexamethasone, and discharged home.
Three weeks after the initial procedure the patient was readmitted to the hospital due to recurrence of paraplegia. An MR imaging study showed recurrent swelling of the spinal cord and enlargement of the focal enhancing residual tumor (Figs. 3 and 4).
Second Operation and Postoperative
Course. The infant underwent a second procedure, and a localized, berrylike lesion was found and fully resected (Fig. 4) . The infant again regained function in the lower extremities, although he continued to show residual right leg weakness. 
Discussion
There is confusion about the term "hemangioma" in the literature, and it is often misused to describe several different vascular tumors as well as vascular malformation. 12 A classification scheme was adopted by the International Society for the Study of Vascular Anomalies (ISSVA) that subcategorizes vascular tumors as well as distinguishing them from vascular malformations 2,9 ( Table 1) . Correct classification of HOIs and associated disorders is an important clinical and prognostic tool for the clinician. Hemangiomas of infancy can be differentiated from congenital malformations based on their clinical course as well as the following characteristics that are often described in the literature: presentation, clinical and histopathological appearance, immunohistochemical markers, and epidemiology (Table 2) .
Congenital hemangiomas occur prenatally and appear developed at birth, whereas HOIs develop and run their clinical course postnatally. 2 Congenital hemangiomas and HOIs also differ in the absence (congenital hemangioma) or presence (HOI) of the Glut1 marker and have differing histological characteristics.
1,2 Congenital hemangiomas are subcategorized into rapidly involuting (RICH) and noninvoluting (NICH), 8, 13 while HOIs are subcategorized morphologically into segmental or localized. 3 Segmental HOIs appear clinically as bright erythematous lesions that involve broad anatomical regions or recognized developmental units. Localized HOIs are characterized by erythematous lesions that are discrete and clearly contained. 1, 3 They can occur as nodules or plaques that are further classified by the depth of the lesion. 3 Histologically, localized HOIs appear as masses of plump endothelial cells with or without lumens. They also demonstrate multilamination of the basement membrane. The cellular morphological characteristics change with involution. As the vascular lumen dilates, the endothelial cells flatten and fibrous tissue is deposited, giving the HOI a lobular appearance. 1 Pericytes, fibroblasts, interstitial cells, and reticular fibers are also often noted. 1 Immunohistochemically, HOIs are characterized by normal endothelial markers such as CD34 as well as the abnormal marker Glut1, 4 separating them from normal endothelium and other vascular tumors and malformations. 1, 7, 13 Glut1 is a very important diagnostic marker for cutaneous as well as visceral HOI. 4 Imaging studies of HOIs show enhancing, well-circumscribed masses with central and peripheral vessels. 1 The involuting phase depicts the fibrofatty deposits and is best seen in CT images. 1 Epidemiological studies shed light on similarities and potential differences between localized and segmental HOIs. Segmental and localized HOIs have been noted to have a higher incidence in females than in males. 1, 3, 13 These lesions-both segmental and localized, but particularly the localized ones-have been associated with low birth weight and prematurity in the literature. 3, 13 Nevertheless, recent studies suggest the opposite with respect to segmental HOIs, which usually manifest later in gestational age and in infants with a higher birth weight. 3 It has been noted that segmental HOIs are often associated with a higher risk of life-threatening or function-threatening complications including PHACE(S) syndrome. [1] [2] [3] 7, 10, 11, 13 The PHACE(S) syndrome includes posterior fossa brain malformation, segmental hemangioma, arterial anomalies, cardiac defects, eye abnormalities, and often sternal clefting. [1] [2] [3] 7, 11, 13 Visceral hemangiomas are, on the other hand, usually attributed to localized hemangiomas of the multifocal variety.
1 Life-threatening complications of HOIs arise with airway or CNS compromise, high-output cardiac failure, or a combination 1, 7 of the three. Other complications include ulceration, bleeding, pain, infection, and postural and functional difficulty. 1, 7 In patients with hemangiomatosis or PHACE(S) syndrome, other involved organs must be considered as well. 10 Treatment of hemangiomas is a controversial issue and emphasizes the importance of distinguishing between different vascular tumors and malformations due to their unique clinical courses and prognoses. The American Academy of Dermatology outlined HOI care guidelines in 1997 that include the following: 1) treating life-or functionthreatening complications, 2) preventing permanent disfigurement, 3) minimizing psychosocial stress for the patient and family, 4) avoiding aggressive and potentially scarring procedures, and 5) treating ulceration to minimize scarring, infection, and pain. 6 Several treatment modalities have come into use, including systemic and intralesional corticosteroid therapy, interferon-α therapy, laser treatment, and surgical treatment. 1, 5, 7, 13 Benign HOIs, such as the lesion diagnosed in this child, are usually treated with observation and occasionally steroid therapy, as most will spontaneously involute. However, as seen here, sometimes HOIs do not run a benign course due to their propensity for hemorrhage and thus may require surgical intervention. Therefore, even in benign cases frequent clinical follow-up and repeated imaging studies may be necessary.
Conclusions
In patients with HOI, visceral abnormalities are usually found in the liver and gastrointestinal tract. 1, 7, 13 In the present case we report the rare finding of a localized intramedullary HOI in the thoracic spinal cord of a patient presenting with quadriplegia caused by intratumoral hemorrhage. The patient's neurological symptoms improved with surgical treatment. Although benign HOI, such as diagnosed in this child, is usually managed with observation and steroid therapy, this approach may not always be prudent. As seen here, HOIs in eloquent neurological locations may not run a benign course due to their propensity for hemorrhage resulting in life-threatening or neurologicalfunction-threatening complications. This case suggests that HOI should be included in the differential diagnosis of acute intraspinal hemorrhage and surgical intervention should be strongly considered in cases with neurological deficit.
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